Objective. To determine the per patient and overall cost of illness of type 2 diabetes mellitus (T2DM) in Colombia from
The importance of identifying and quantifying the costs and consequences of T2DM is that it will allow us to understand more clearly the economic impact of the disease. Cost-of-illness studies describe the resources used and potential resources lost as a result of a disease. Together with prevalence, incidence, morbidity, and mortality data, these studies help to portray the impact of a disease on society (5) . It is important to perform cost-of-illness studies in order to inform clinical decision making, develop policies and guidelines, and effectively allocate resources.
Cost-of-illness studies of T2DM published in the international literature have used two methodologic approaches. The first is the prevalence-based approach in which the costs of diabetes are estimated for a specific period of time (usually 1 year) for a specified cohort of diabetic patients. The second is the incidencebased approach to determine the costs of diabetes for a cohort of patients, usually from diagnosis until death. The prevalence approach estimates the burden of disease for a determined period of time and is normally cross-sectional, while the incidence-based approach provides longitudinal information of the costs over a lifetime (6) .
A number of methodologies are available when taking a prevalence-based approach. Studies based on combined population data are most often used and, in diabetes, the data (e.g., primary diagnosis, complications) are grouped according to diagnostic codes, such as the International Classification of Diseases.
As an example of a study that used this approach, Oliva et al. determined that the direct costs for patients with DM in Spain were between €2.4 and €2.675 billion for the year 2002 (7) . Another example was an American study by Taylor, who estimated a direct cost for T2DM of $6.9 billion from a national survey of health expenses during 1997 (8) . At the international level, the CODE-2 study was performed in eight European countries using a prevalence-based approach, gathering data by means of written surveys and interviews (9) . In Spain, the latter study used retrospective collection of data from medical records to examine resource consumption and found an annual health care cost per patient of €1,305 for 1999. Additionally, the authors of that study separated costs associated with each major complication (10) .
From the studies based on the incidence approach, two are highlighted. In Spain, Hart et al. created a simulation model to determine the current and future direct costs of a group of patients diagnosed with diabetes in 1997. They estimated an average lifetime cost of 5.1 million pesetas (approximately U.S. $42 300 in 1997) per patient (11) . In the second study, conducted in 1994 by Stern and Levy, the direct costs of treatment of a patient with type 1 DM were considered over a period of 35 years. They determined a mean lifetime cost of £104 000 per person (12) .
The prevalence of T2DM in Colombia is just over 7.5% (13) . The disease imposes a tremendous burden in terms of human suffering, making it and its associated clinical and economic consequences a major public health problem (14) . Despite the chronic nature of DM and its devastating consequences, its economic impact in Colombia is unknown. No cost-of-illness studies have been published in Colombia. Therefore, this study was undertaken to fill that gap in our knowledge.
Our objective was twofold. First, we wanted to determine the average cost of treating an individual with T2DM in Colombia, including the direct and indirect costs associated with the disease and its consequences. Our second objective was to extrapolate these costs to the entire population of the country. The viewpoints of interest were those of the Ministry of Health as payer and of society. Specific objectives were to identify the stages or health care states that a patient experiences during the course of the disease, to determine the probability of each event over time, to identify resources consumed in each of the stages, to identify the cost of the resources consumed, to calculate the overall lifetime cost of T2DM per patient, to examine the robustness of the results, and to extrapolate these results to the population of Colombia to estimate the total cost burden due to this disease.
METHODS
The primary perspective for this study was that of the Colombian Ministry of Health as payer. Included in the analysis were all direct costs including drugs, medical care, hospitalization, laboratory services, and services of other health care professionals. The secondary perspective was that of society in Colombia. As well as direct costs, the analysis from the latter perspective incorporated indirect costs. These costs included loss of productivity due to the disease, permanent loss due to disease progression, and labor loss due to death and disability.
Colombian Markov model
A Markov model (Figure 1) was created to analyze all the relevant stages in the progression of the disease. This model contained the stages in the disease progression that have a major impact in Latin America, according to the study by Barceló and colleagues (15) . These stages included amputation, retinopathy, cardiovascular disease, nephropathy, neuropathy, and peripheral vascular disease as complications. In this model, cardiovascular disease included cardiac (i.e., congestive heart failure) and coronary (i.e., myocardial infarction) disease. We followed the recommendations of the International Diabetes Federation (16) . Adaptation to Colombia was done with the input of a local diabetologist/ endocrinologist.
Markov models assume that a patient is always in one of a finite number of discrete health states, called Markov states. All events are represented as transitions from one state. As people progress through the simulation model from the onset of diabetes to death, they can develop five types of complications: nephropathy, neuropathy, retinopathy, coronary heart disease, and stroke. People can die of some of these complications or of other causes. The model includes transition probabilities between disease stages on each of the five complication paths. Although it is possible (and may often occur) that patients have more than one complication simultaneously, those states were not included for the sake of simplicity. Consequently, there could be some minor underestimation of costs.
We used an incidence-based model over the lifetime of a typical patient with T2DM. The model began when the patient was diagnosed with the disease at age 40. We used this age, since a survey by Barceló and Rajpathak (17) reported a prevalence of 8.1% in Colombians aged 35-64 years. In consultation with local clinical experts, we decided to begin the model at age 40. It continued until the patient reached the average age at death for a person in this country, which is 72 years (5). Statistics from age of onset until death (40-72 years) were age adjusted for survival using published life tables for Colombia (18) . The same procedure was performed to estimate death due to disease progression as was done in the study by Clarke et al. (19) . This calculation allowed us to estimate the probability for any time in the disease stage. Table 1 lists the transition probabilities that we entered into the model (20) (21) (22) (23) .
The analysis (including Monte Carlo simulations) was performed using TreeAge Pro 2007 Suite ® software. We estimated the proportions of patients with various complications (e.g., kidney failure, blindness, infection, diabetic foot, compromised peripheral circulation) and how long it took to develop each of these complications. We compared the final model with that developed by Zhou et al. (24) on which this model was based.
We obtained clinical data to populate the model from a variety of sources. The first choice was to use information derived from national statistics of Colombia, the Ministry of Health, local diabetes societies, and local publications. If we could not find information specific to Colombia, then we used data from other Latin American countries or from the Pan American Health Organization. Otherwise, data were obtained and adapted from international literature. This decision was in agreement with the point of view of the Colombian expert, who confirmed that the incidence of diabetes is very similar among populations and that differences lie basically in the age of diagnosis of the disease. Table 1 shows the different submodels that are included in the analysis as well as the different health conditions embraced in each of them. The transition probabilities are based on different clinical studies and vary with time and the risk profile of the study population. Each cycle in this model had a term of 1 year.
Determining costs
The complexity in determining the costs and resources used in patients with T2DM in this country was the greatest challenge we faced because of the small number of studies or the availability of specific data. However, to obtain a cost approximation, we estimated the annual cost of the diabetes treatment and its complications for a patient.
Cost was done in 2007 Colombian pesos (U.S. $1 = 2 121 Colombian pesos) as well as U.S. dollars, with costs derived from price lists of the Ministry of Health. If such lists were not available, then we determined them from other local sources and standard price lists. As a final step, we adapted international costs for Colombia using purchasing power parities (25) . Cost and outcomes accrued after 1 year or more were discounted at an annual rate of 5%. The costs are presented in Colombian pesos adjusted by inflation to year 2007 (26) (27) (28) .
Determining direct costs associated with the disease
Direct cost of T2DM treatment. We considered two aspects in determining the annual cost to maintain a T2DM patient, which were as follows. First, the minimal standards from the disease management guidelines issued by the International Diabetes Federation, which are broadly accepted and used in patient care, were adapted to identify the resources used (16) . Second, a monetary value using the accepted local tariffs adjusted according to inflation to 2007 was assigned (in Colombian pesos). The costs were then converted to U.S. dollars and projected over one full year.
In the model, a patient with T2DM may be initially controlled with diet and exercise, then with oral drugs, and finally with insulin therapy. The annual costs of a patient treated with oral therapy and with insulin were estimated separately (see Table 2 ) (29, 30) .
Determining annual treatment costs associated with complications. We searched for local data and publications on the annual costs per patient for each González et al.
• Cost-of-illness study of diabetes Original research stage of disease progression. We found local studies that provided annual costs for acute myocardial infarct (31) as well as for dialysis and renal transplant during the first year (32) . We determined the annual costs of proteinuria treatment using International Diabetes Federation guidelines (16) and local prices (29) .
FIGURE 1. Markov model for diabetes in Colombia
Local data for the other stages of disease progression were not found. Therefore, we adapted comparable costs from Spain, which provided the required information. We did a conversion using purchasing power parity of Colombian pesos (25) . Table 3 describes these costs (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) . To convert to Colombian pesos, we used the United Nations Children's Fund gross national income per capita data for 2005 (43) .
Determining indirect costs
Indirect costs included loss of productivity due to the disease, permanent loss due to disease progression, and labor loss due to death. We estimated cost with the human capital approach, by which we estimated the productivity cost as the future reduction in gross income due to mortality and/or morbidity. This approach estimates potential productivity loss due to reduced remunerated time (40) .
In addition, accounting for those people who are not in the labor market was also considered; therefore, leisure time was taken into consideration. For the same reason, an adjustment for the rate of unemployment was not made.
We followed the method described by Mattke and coworkers (40) to estimate productivity losses related to the disease. With this methodology, the first step was to make a salary conversion. We used the gross national income per capita for 2006 (43) converted to 2007 U.S. dollars (44) for this calculation. We estimated impaired ability to work and loss of workdays according to the approach of Mayfield et al. (41) . Then, we estimated the cost derived from days lost due to absenteeism and working days with limitations (i.e., presenteeism). We used a maximum working age of 65 years (i.e., retirement age) (44, 45) , since this approach considers the entire population without correcting for unemployment rates. Thus, we also included leisure time of people who were not employed. Table  3 describes the indirect costs (40) (41) (42) .
Total cost
The Markov model calculated the total cost per patient for each analytic perspective. We multiplied these costs by the population of people with T2DM in Colombia to arrive at the overall cost burden.
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• Cost-of-illness study of diabetes (40) (41) (42) Cost of productivity loss per year patient < 65 years old 1 051 Cost of permanent disability (progression diseases) patients 5 539 < 65 years Cost of productivity loss due to mortality in patients < 65 years 5 539
Sensitivity analysis
Uncertainty about the model's assumptions, variables, and costs was explored with one-way sensitivity analyses. The state "controlled T2DM patient" was selected as a base case. One-way sensitivity analyses were done for all variables, but, because of the large number of variables tested, only the following relevant ones were included: age, discount rate, cost of acute myocardial infarction occurring in the first year, cost of stroke occurring in subsequent years, transition probabilities for "controlled T2DM patient with insulin," congestive heart failure and myocardial infarction, and stroke. Four intervals were used with each variable. Figure 2 presents the estimated risk reduction for a patient who is controlled as the disease progresses as well as the increases in different health state progressions. The survival probability curve of T2DM patients in Colombia was estimated from the first year of diagnosis over a period of 32 years with the disease. This curve is shown in Figure 3 . It was estimated that about 15% of the patients would be alive at year 32. Table 4 presents the estimated prevalence for T2DM and its complications in the Colombian model compared with the model of Zhou et al. (24) .
RESULTS

Outcomes
Estimating the cost of disease per patient
The cost of T2DM was determined taking into consideration the perspectives of society and of the Ministry of Health as payers. The estimated lifetime cost per patient including both direct and indirect costs (societal perspective) was 57 565 000 Colombian pesos (U.S. $27 140). This amount represents an average annual cost per patient of 1 784 000 Colombian pesos (U.S. $845) using a discount rate of 5%.
From the perspective of the Ministry of Health as payer, the average cost of T2DM projected for a patient was 19 576 000 Colombian pesos (U.S. $9 230) using a discount rate of 5%. This value amounts to an annual cost per patient of 611 750 Colombian pesos (U.S. $288).
The average indirect cost was 37 767 000 Colombian pesos (U.S. $17 806) using a discount rate of 5%. That value amounts to an annual cost per patient of 1 187 000 Colombian pesos (U.S. $559). Table 5 summarizes the annual costs (in U.S. dollars) per patient according to the disease stage differentiated into direct and indirect costs. In addition, costs are presented as percentages according to health stage. The stages associated with the greatest costs were diabetes treatment (47%), cardiac and coronary diseases (24%), and stroke (15%). Microvascular complications were responsible for the smallest proportion of the total cost.
Cost of disease in Colombia
The mean cost per year extrapolated to the Colombian population was estimated taking into consideration a prevalence rate of 7.5% (5) and demographic data (45) for 2007. The estimated mean overall (i.e., direct and indirect) cost attributed to T2DM was 5.7 billion Colombian pesos (U.S. $2.7 million). Separated according to type, direct costs were $1.95 billion Colombian pesos (U.S. $921 million) and indirect costs were $3.77 billion Colombian pesos (U.S. $1.77 million). Table 6 summarizes the total costs and their breakdown into indirect costs and González et al.
• Cost-of-illness study of diabetes Original research Thirty-four percent of the total cost was attributable to direct costs and 66% to indirect costs. Table 7 presents the outcomes from the sensitivity analyses. We found that results were relatively insensitive to changes in important variables and that the cost of controlled T2DM in patients remained the dominant variable. First, there was a negative relationship between age and cost and probabilities. However, the discount rate had little effect. The cost of a controlled T2DM patient was reduced if age increased; there was a negative relationship between the cost of a controlled T2DM patient and the discount rate.
Sensitivity analyses
DISCUSSION
In this study, we estimated the cost of T2DM in Colombia using an incidence approach. A Markov model that allowed simulating the progression of diabetes and its complications was developed, which allowed us to predict its longterm impact on patients and the associated costs.
The model was adapted from internationally published studies and it incorporated local disease incidence data. Transition probabilities between disease stages and selected incidence data were validated by a local expert. This process increases both the applicability and certainty of the estimates that we used. Figure 2 shows the cumulative incidence for each disease stage during the analytic time horizon of 32 years. This graph displays a rational transition of the patient through the various disease stages. As expected, a patient with diabetes in the initial stage has a high probability of being controlled, but as the disease progresses, this probability decreases. Likewise, the probabilities of complications and associated mortality increase during the progression of the disease.
Also, a greater impact was observed for macrovascular diseases (e.g., cardiac disease, coronary disease, and stroke). This observation compares well with that from the United Kingdom Prospective Diabetes Study model described by Clarke et al. (19) , which used a 12-year horizon but showed a similar magnitude in disease progression (i.e., rates of complications) and mortality.
As shown in the survival curve (Figure 3) , our mortality rates were somewhat less than those from the model developed by Zhou et al. (24), who estimated a mortality of 51% at year 10 after diagnosis. Similarly, the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESRD) cohort reported 55% mortality. We found a mortality rate of 40% at year 10, which was 11% lower than Zhou et al. found and 15% lower than in the WESRD cohort (24) .
An additional analysis of the model was performed by assessing the incidence of complications (Table 4 ) and comparing them with the results obtained by Zhou et al. (24) . Although those authors used a time horizon of 10 years, no great difference was observed in the data obtained from our model, despite our model having a longer time horizon.
The analyses presented above demonstrate that our model was well constructed, has a logical progression through the disease states, and presents a coherent trend that agrees reasonably well with studies previously conducted. Therefore, we consider our cost estimates to be reasonable.
One of the greater challenges in this study was determining the direct costs in the country because of the difficulty of obtaining some centralized information on the resources used and costs. Therefore, it was decided to adapt the costs for each stage from the three possible scenarios: the first scenario was based on international guidelines for diabetes management issued by the International Diabetes Federation (16) and in accordance with the minimum management criteria, in which the cost was assigned according to Colombian references that were available for some of the stages (e.g., diabetes treatment with diet and exercise, oral and insulin treatment, and proteinuria treatment). The second cost scenario was the identification of local studies of annual costs per patient for acute myocardial infarct (first year and successive years) and for dialysis and renal transplant (first year). The third scenario adapted international costs for stages in which local information was not available, in which case we used purchasing power parities. This technique must be done with caution, since extrapolation of results to the Colombian scenario may be limited. However, an approximation using the best available information was made.
On the other hand, determination of indirect costs used the human capital approach, assessing costs in Colombian pesos. This approach does have limitations, but it seems to be reasonable when considering that Colombia is a developing country with many other economic problems.
The total cost of disease (i.e., direct plus indirect costs) was calculated as the annual cost per patient. This value was then converted to the international reference standard (U.S. dollars) so that data may be compared with other published international studies. The mean direct cost per patient in this model was U.S. $288, compared with the CODE-2 study performed in Spain by Mata et al. (10) , in which the estimated value was approximately $1 700 dollars (which converts to $407 using purchasing parity) for the year 2002, which is greater than that determined for this study. In addition, the costs for services demanded by patients with more complications may be underestimated.
We conducted a further comparison of the resource use rate between our study and CODE-2 (24). In our model, the costs associated with treatment of diabetes accounted for 47% of the total costs, while the CODE-2 study reported 28%. Similarly, the cost of complications in our study was 53% versus 30.5% in CODE-2. Superficially, these results appear to be discrepant; however, the CODE-2 study included an additional rate of 40.8% for "costs not related to diabetes." When that factor was removed, the cost proportion for diabetes treatment was 46% (virtually identical to our rate of 47%) and for complications it was 64%. Considering these adjusted rates, the studies are in good agreement.
When extrapolated to the population of Colombia, the annual cost was about $2 700 million ($921 million in direct costs and $1 770 million in indirect costs). These results compare well with those of Barceló et al. (15) in Latin American countries. They estimated that the total costs for Colombia were about $2 580 million ($414 million in direct costs and $2 171 million in indirect costs). Although the latter was estimated by indirect methods-that is, it did not include local costs-the total cost is very similar considering the difference in year of each study. However, there is a notable difference in direct and indirect costs for both studies.
The direct (34%) and indirect (66%) cost rates were in agreement with estimates from some international studies. However, there is some variability among the different published studies. Comparing the percentage results with other studies, 
CONCLUSIONS
We estimated that the annual cost of T2DM for Colombia is U.S. $2 708 million from the societal perspective. From the Ministry of Health and the Colombian Health System perspective, the direct costs of health care per year were $911 million. The annual direct cost per patient was U.S. $288, and the indirect cost was U.S. $559 (total = $847). The cost of treating diabetes and macrovascular complications constitutes 86% of the direct costs and 95% of the indirect costs.
The results obtained in this study must be used with caution, taking into consideration the following points: Only the stages of the disease having the greatest impact on morbidity and mortality in Colombia were used. The costs of hypoglycemia, diabetic neuropathies, ketoacidosis, infections, and other complications were not considered, so the actual cost of the disease may well be greater. Also, the annual costs of other countries were adapted for several stages of the disease, although we did use purchasing power in an attempt to make them comparable. Cost estimations were based on the international guidelines for diabetes management issued by the International Diabetes Federation; however, physicians' compliance with these guidelines was not included. For that reason, further studies should be undertaken in order to quantify this effect.
Markov models allow for the management of uncertainty; however, it is a probabilistic model of disease progression and must be regarded as such. This Markov model was developed and adapted for Colombia, and the data reflect a rational progression of the disease that compares with international models. Also local variables that may influence health care quality such as health care system, social and economic aspects, and patient behavior were not considered in this study.
This study provides a basis for decision making by payers, government, and health care administrators that assists them in assigning costs for the treatment of T2DM. Likewise, because of the characteristics of the model, it can be adapted for epidemiologic and public health decision making.
The development of this type of research project in a country like Colombia represents a challenge because of scarce epidemiologic and cost information. However, this factor must not be an obstacle to developing future studies that allow for better decision making in health care. The economic burden of T2DM in Colombia is generally comparable to results from other countries.
Disclaimer. This paper was part of a master of science thesis done by Juan Camilo González in the Departamanto de Economía, Universitat Pompeu Fabra, Barcelona, Spain. The work was performed independently from his employer, Merck Sharp & Dohme, Bogotá, Colombia, which bears no responsibility for this work. No external funding was received for this research from any source.
González et al. • Cost-of-illness study of diabetes Original research
Objetivo. Determinar el costo de la enfermedad, total y por paciente, de la diabetes mellitus tipo 2 (DM2) en Colombia desde las perspectivas de la sociedad y del Ministerio de Salud. Métodos. A partir de la experiencia clínica de un endocrinólogo colombiano se adaptó para Colombia un modelo de transición de Markov ya publicado. Las probabilidades de transición para el modelo se tomaron de una revisión de la literatura internacional. Se elaboró un modelo para un horizonte temporal de 42 años. Se identificaron los recursos directos (por medicamentos, laboratorio, médicos, hospitalización y otros servicios de salud) y se estableció su costo a partir de la lista nacional de precios, las directivas internacionales de atención, y otros estudios colombianos o de otros países. Los costos indirectos (tiempo de trabajo perdido) se calculó mediante el enfoque de capital humano. Los costos directos e indirectos -tanto anuales como por toda la vida-se determinaron en dólares estadounidenses (US$) de 2007 con una tasa de descuento de 5%, tanto para un paciente como su proyección para toda la población colombiana. Los costos se agruparon según el tratamiento y el curso de la enfermedad. Resultados. El costo estimado anual fue de US$ 2 700 millones desde la perspectiva de la sociedad y de US$ 921 millones desde la perspectiva del Ministerio de Salud. Los costos directos anuales por paciente fueron de US$ 288, mientras que los indirectos fueron US$ 559 (total = US$ 847). Estos costos se distribuyeron según el curso de la enfermedad de la siguiente manera: 47% por el tratamiento de la diabetes (medicamentos); 24% por enfermedades cardíacas y coronarias; 15% por accidentes cerebrovasculares; 9% por amputaciones; 3% por nefropatías; y 2% por retinopatías. Las complicaciones macrovasculares constituyeron 86% de los costos directos anuales y 95% de los indirectos. Conclusiones. Se estimó el costo anual de la DM2 para Colombia según las perspectivas de la sociedad, el Ministerio de Salud y el Sistema de Salud de Colombia. También se estimaron los costos directos anuales por paciente y el costo del tratamiento de la diabetes y sus complicaciones macrovasculares. La carga económica es considerable y comparable a la informada en otros países. El modelo mostró una progresión lógica de la enfermedad.
Costo de enfermedad, diabetes mellitus, Colombia, América Latina.
RESUMEN
Diabetes mellitus tipo 2 en Colombia: costo de la enfermedad
